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Upon binding of gamma interferon (IFN-y) to its receptor, the latent transcription factor Statl becomes
phosphorylated, dimerizes, and enters the nucleus to activate transcription. In response to IFN-«, Statl binds
to Stat2 in a heterodimer that recruits p48, an IRF family member, to activate transcription. A number of
functional domains of the STATS, including a C-terminal transactivation domain, a dimerization domain, and
an SH2 domain, are known. However, the highly conserved residues between the DNA binding and SH2
domains (463 to 566), recently christened the linker domain on the basis of crystallographic studies, have
remained without a known function. In the present study, we report that KE544-545AA point mutants in Statl
abolish transcriptional responses to IFN-y but not to IFN-«. We further show that this mutant Statl undergoes
normal phosphorylation, nuclear translocation, and DNA binding. Taken together with recent structural
evidence, these results suggest that the linker domain acts as a critical contact point during the construction

of a Statl-driven transcriptional complex.

The STATSs are a family of transcription factors that are
latent in the cytoplasm until activated in response to the oc-
cupation of a cell surface receptor by a polypeptide ligand (5,
23). They become activated by phosphorylation on a single
tyrosine by either a JAK kinase bound to a cytokine receptor
(e.g., gamma interferon [IFN-y]) or a receptor tyrosine kinase
(e.g., the epidermal growth factor receptor). The phosphory-
lated STATSs dimerize, translocate to the nucleus, and initiate
specific transcriptional programs. The highly conserved nature
of STATSs from humans to Drosophila has aided in identifying
a number of functional domains in these proteins. For exam-
ple, the carboxyl terminus (40 to 50 amino acids long) is re-
quired for transcriptional activation and can independently
transactivate when coupled to a Gal4 binding element (3, 16,
17, 28, 32, 33). The region between residues ~550 and 625
comprises an SH2 domain, which binds the single phospho-
tyrosine (around residue 700) of the opposing Stat monomer
(22). STATSs show slightly different preferences in DNA bind-
ing sites (21), and the specificity for DNA site selection can be
transferred between STATSs by swapping amino acids in the
region between residues 400 and 500, implicating this region in
DNA binding (12). STAT dimer-dimer interaction has recently
been mapped to the amino-terminal 60 to 130 amino acids (25,
26, 30).

Additionally, interactions between STATSs and several other
DNA binding proteins or coactivators have been recently de-
scribed and in some cases mapped. For example, the formation
of ISGF3, the IFN-a-induced transcription factor, requires
interaction between the IRF family member p48 and Statl, an
event critically dependent on K161 of Statl (11). STATs have
also been shown to interact with the transcription factors
USF-1, Spl, and c-Jun and with the glucocorticoid receptor
(15, 18, 19, 24). The coactivator CREB binding protein (CBP)/
p300 has been shown to bind both the amino and carboxyl
termini of Statl and Stat2 (9, 33). Recently, the replication
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factor MCMS5 was also shown to interact with the carboxyl
terminus of Statl (32).

One of the STAT regions which has eluded functional de-
scription is the linker domain (LD). The LD was originally
described as an SH3 homology region prior to the resolution of
the STAT and SH3 structures (7); it is now apparent that the
LD consists of a highly helical, novel protein fold (2, 4). The
LD spans residues 463 to 566 of Stat1 and sits between the DNA
binding domain and the SH2 domain. This region constitutes one
of the most highly conserved regions in the STAT molecules.
In the present series of experiments, four highly conserved res-
idues in the LD of Statl were mutated to alanine. Full-length
Stat1 bearing mutations of K and E at residues 544 and 545 was
found to lack the ability to induce transcriptional responses to
IFN-y. Phosphorylation, DNA binding, and nuclear transloca-
tion occurred normally, and the mutant protein retained the
ability to participate in responses to IFN-a. The phenotype of
the KE544-545 mutant closely resembles that of the C-termi-
nally truncated isoform Stat1@, which also fails to support IFN-
v transcriptional responses but does participate in the IFN-a
response. Thus, the LD may contain previously unrecognized
contact points for the interaction of at least some STAT ho-
modimers with the transcriptional machinery of the cell.

MATERIALS AND METHODS

Cell culture. Human U3A cells deficient in Statl (gift of George Stark, Cleve-
land Clinic, Cleveland, Ohio) were grown in Dulbecco’s modified Eagle’s me-
dium supplemented with 10% bovine calf serum (Cosmic serum; HyClone) at
37°C and 5% CO,. Transient transfections were performed by the calcium
phosphate method (1). Following 8 h of exposure to precipitate, cells were
washed with phosphate-buffered saline and allowed to recover for 14 to 16 h
before stimulation. Stable cell lines were constructed by selecting for and main-
taining transformants in 400 pg of G418 per ml. A stable cell line expressing
wild-type Statl was a gift of Curt Horvath (Mount Sinai School of Medicine).
Clones were screened by Western blotting with Statlc antibody. IFN-y (gift of
Amgen) was used at a concentration of 5 ng/ml, and IFN-« (gift of Hoffmann-La
Roche) was used at a concentration of 500 TU/ml unless stated otherwise.

Plasmids. Stat]l mammalian expression vectors were constructed by the inser-
tion of cDNAs into the RC/CMYV expression vector (Invitrogen). The luciferase
reporter construct 3XLy6E GAS-LUC was cloned as previously described (29).
The Statl point mutations were generated according to a protocol by Ausubel et
al. (1). Mutagenesis was confirmed by standard dideoxy termination sequencing.
pCMVB, a beta-galactosidase control vector, was purchased from Invitrogen.
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FIG. 1. Sequence alignment of human and Drosophila STAT LDs. The res-
idues having sequence identity with Statl are in boxes. Homologous residues are
indicated by shading. In the present experiments, four residues were mutated to
alanine, as indicated by the asterisks: F506, R512, W539, and KE544-545. Se-
quence alignment was performed according to the ClustalW method (24a) and
rendered with SeqVu 1.1.

Transcript analysis. Luciferase assay was performed by transient transfection
of pCMVB (2 pg), Statl expression construct (8 pg), and 3XLy6E GAS-LUC
(8 pg) on semi-confluent 10-cm-diameter plates of U3A cells. Specifics of the
protocol are described elsewhere (29). Each sample was assayed in triplicate for
each experiment and normalized to beta-galactosidase activity. Similar results
were obtained on three occasions. Reverse transcriptase (RT)-PCR was per-
formed on stable cell lines following cytokine activation as described previously
(11). Briefly, total RNA was isolated from confluent six-well plates by using
Trizol reagent (Gibco BRL) and digested with DNase I, followed by reverse
transcription. An aliquot of the cDNA was then used as a template for a PCR
spiked with 0.1 pl of [a-3?P]dATP per 25 pl of reaction mixture. Following a
25-cycle PCR, bands were resolved on a 5% acrylamide gel. Primers for the
target genes were as follows: ISG54s, 5'-AATGCCATTTCACCTGGAACTTG-
3'; ISG54a, 5'-GTGATAGTAGACCCAGGCATAGT-3'; GBPs, 5'-TGAGCA
GCACCTTCGTGTACAAT-3'; GBPa, 5'-TAGGAACAGAAGTCTGCTACT
TG-3'; IRF-1s, 5'-ATGAGACCCTGGCTAGAG-3'; IRF-1a, 5'-AAGCATCC
GGTACACTCG-3'; I1SG15s, 5'-CAACGAATTCCAGGTGTC-3'; ISG15a, 5'-
CCCTTGTTATTCCTCACC-3'; GAPDHs, 5'-GTGAAGGTCGGAGTCAAC-
3’; and GAPDHa, 5'-TGGAATTTGCCATGGGTG-3'.

Immunoblotting. Whole-cell and fractionated-cell extracts were obtained by
previously described procedures (22, 29). Western blotting was performed under
standard conditions (1). Anti-Statlc antibody has been previously described (20)
and was used at a 1:1,000 dilution for blotting. Covalent modifications were
detected by anti-phosphotyrosine 701 (New England Biolabs) and anti-phospho-
serine 727 (Upstate Biotechnology) antibodies used at a 1:1,000 dilution. Nitro-
cellulose membranes were stripped for 30 min at 55°C in a solution containing
0.7% B-mercaptoethanol, 65 mM Tris (pH 6.5), and 2% sodium dodecyl sulfate
(SDS).

Electrophoretic mobility shift assay (EMSA). Fractionated- and whole-cell
extracts (5 to 8 pg) were assayed for DNA binding activity with ?P-labeled m67
SIE oligonucleotide (27). DNA-protein complexes were then resolved on a 4%
(29:1) polyacrylamide-bisacrylamide gel at 4°C (400 V, 0.25X Tris-borate-
EDTA). Quantitation and analysis were performed on a Molecular Dynamics
Storm PhosphorImager as previously described (8).

Interferon cytopathic-effect assay. Assays for interferon-mediated protection
from viral infection have been described extensively elsewhere (10). Briefly, three
12-well clusters of a given cell line were grown to confluence on 96-well plates.
After treatment with 1,000 IU of IFN-a per ml or 10 ng of IFN-y per ml, the cell
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FIG. 2. Transcription activity of Statl point mutants. (a) Transient transfections were carried out with the U3A (no Statl) cell line by using the indicated Statl
expression vectors. Transcriptional responses to IFN-y were monitored by the 3XLy6E GAS-LUC reporter plasmid after 4 h of IFN-y stimulation. This experiment
was performed three times, each time with triplicate samples. A representative experiment is shown with the standard errors for the three samples. (b) RT-PCR analysis was
performed by using wild-type-complemented (Statlo) or mutant-complemented [Stat]1(KES544-545AA)] U3A-derived stable cell lines. Cells were treated with the specified
interferon for 4 h or left untreated, followed by RNA harvesting and reverse transcription. PCR amplification of the resulting cDNAs with radioactive nucleotides was
performed with a primer pair representing the mRNAs indicated on the left. The products were resolved by acrylamide electrophoresis and autoradiography.
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FIG. 3. Stat1(KE544-545AA) mutants undergo normal posttranslational
modification. Stable cell lines complemented with Statla, the Statl(KE544-
545AA) mutant, or the Stat1(S727A) mutant were grown to ~20% confluence,
serum starved for 24 h, and activated for 1 h with IFN-y. Cells were lysed in
whole-cell extract buffer, and the extracts were resolved by SDS-PAGE. Forty
micrograms of extract was used for the Statla and S727A cell lines, but 20 pg of
protein was used for the Stat1(KE544-545AA) cell line to compensate for dif-
ferences in protein expression levels. Western blotting was first performed with
the pY(701)-Stat1 antibody. The nitrocellulose membrane was then stripped and
reprobed with the other two antibodies listed. The expected band position of
Statl is indicated by the arrow to the right of each panel.

culture medium was aspirated off, and the medium was replaced with pre-
warmed, serum-free Dulbecco’s modified Eagle’s medium containing encepha-
lomyocarditis virus (EMCV). After 24 h, the medium was removed and the viable
cell population was visualized by staining with 2% methylene blue in 50%
ethanol.

GST protein-protein association assay. The glutathione S-transferase (GST)
reagents were produced by a 3-h isopropylthiogalactoside induction of bacteria
carrying the respective constructs at 29°C. Purification was performed according
to the manufacturer’s instructions (Amersham Pharmacia). The GSTMCMS5
(251-400) and GSTMCMS5(351-400) constructs were generated by PCR subclon-
ing of the appropriate fragments into the BamHI and HindIII sites in pRSETA
(Invitrogen) and were then further subcloned into pGEX-2TK (Pharmacia) by
using the BamHI sites and the filled-in HindIII site with the Smal site. The CBP
CREB binding domain (CBD) fusion protein was produced as described previ-
ously (33). The pull-down assay was performed by preclearing a radioimmuno-
precipitation assay (RIPA) buffer extract containing IFN-y-activated cells with
glutathione-Sepharose 4B beads. The extracts were then rocked overnight at 4°C
in the presence of 10 to 15 pg of fusion protein bound to glutathione-Sepharose
beads. Following three 10-min washes (two RIPA and one whole cell), the
precipitated extract was separated by SDS-polyacrylamide gel electrophoresis
(SDS-PAGE) and visualized by Western blotting with anti-Statln monoclonal
antibody (Transduction Laboratories).

RESULTS

Analysis of target gene induction with full-length Statl
point mutants in the LD. The LD of the STATs contains
several residues that are highly conserved throughout STATSs
from mammals and lower organisms (Fig. 1). Reasoning that
functionally important residues would be the most conserved,
we prepared four alanine mutants with sequence identity
throughout the human STATSs: F506, R512, W539, and KE544-
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545 (the KE mutant consisted of a double mutation to AA544-
545). In addition, when these experiments began, the three-
dimensional structure was not available, and the hypothesis
that the region from ~500 to 580 was an SH3 domain was still
entertained. Along these lines, sequence alignment suggested
that W539 might be the critical tryptophan which lines the SH3
binding pocket and is required for polyproline helix binding
activity (6).

As an initial screen for the altered phenotype of these point
mutants, the ability to induce gene expression upon stimulation
with IFN-y was tested. A luciferase reporter construct with
three Statl binding sites (3XLy6E GAS-LUC) was transiently
cotransfected into U3A cells which lack Statl with vectors
expressing the full-length Statl in either wild-type (Statla) or
point mutant form. Transfected cells were then stimulated with
IFN-y for 4 h or left untreated. Upon normalization with a
cotransfected beta-galactosidase control plasmid, the results
showed the expected ~25-fold induction for wild-type Statla
and no induction with transcriptionally inactive Stat1B3. While
the F506 and R511 mutants exhibited slightly better-than-nor-
mal gene induction, the W539 and KE544-545 mutants were
markedly attenuated (Fig. 2a). Subsequent studies showed that
the Statl(KE544-545AA) mutants failed to induce transcrip-
tion at 2, 4, and 6 h and that the wild-type Statl induced
transcription at all these time points (31).

To examine the effect of the mutant Statl on the induction
of physiologically relevant target genes, we generated U3A-
derived stable transfectants of the full-length Statl(KES544-
545AA) mutant and analyzed interferon-induced transcripts by
RT-PCR. Because response to IFN-a requires Stat2-Statl het-
erodimers but not the Statl transactivation domain, we tested
responses to both IFN-a and IFN-y to obtain information
regarding the structural and functional integrity of the Statl
(KE544-545AA) mutant protein. A representative experiment
is shown in Fig. 2b. The IRF-1 and guanylate binding protein
genes were induced much more strongly by IFN-y than IFN-a,
whereas ISG15 and ISG54 were activated only by IFN-a.
These differences in gene activation reflect the differing spec-
ificities of Statl-Statl and Stat2-Statl dimers. While the cells

a.
cytoplasmic nuclear
min. IFN-y 0 5 30 0 5 30
Stat1a - -

b.
cytoplasmic nuclear
min. IFN-y 0 5 30 0 5 30
Stat1(KE544-545AA) - -~ - -

FIG. 4. Statl(KE544-545AA) mutants bind DNA and enter the nucleus.
Wild-type and Stat1(KE544-545AA) mutant cell lines were activated for 0, 5, or
30 min with IFN-y. Following extract fractionation, the DNA binding activity of
each extract was assayed by EMSA with a radiolabeled m67 SIE oligonucleotide.
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FIG. 5. Kinetics of the response to IFN-y by Statla and Statl(KE544-
545AA). (a) EMSA of whole-cell extracts from interferon-stimulated cell lines.
Statla and Stat1(KE544-545AA) mutants were exposed to IFN-y for the indi-
cated periods and were assayed as described in the legend to Fig. 4. (b) Auto-
radiograms from time course experiments were quantitated by a Phosphor-
Imager. Normalization to the maximum signal intensity (30 min) yielded the
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containing wild-type Statl exhibited marked and appropriate
gene induction in response to both interferons, the Statl
(KE544-545AA) mutant cell line failed to activate transcrip-
tion of IFN-y-inducible genes while retaining responsiveness
to IFN-a. The W539A mutant exhibited a similar pattern of
responsiveness (31).

Statl(KE544-545AA) mutants undergo phosphorylation at
tyrosine 701 and serine 727. Impaired phosphorylation, at ei-
ther tyrosine 701 or serine 727, was one possible explanation
for the mutant phenotype. To determine the status of the two
known phosphorylation sites, stable cell lines expressing wild-
type Statla, the Statl(KES544-545AA) mutant, or the Statl
(S§727A) mutant were treated with IFN-y, and the resulting
extracts were probed with antibodies specific for tyrosine- or
serine-phosphorylated Statl (Fig. 3). As shown in Fig. 3, treat-
ment with IFN-y clearly induced tyrosine phosphorylation of
Statl in all three cell lines. In addition, both wild-type and
mutant Statl had constitutive phosphorylation at serine 727
despite a 24-h serum starvation period prior to the experiment.
The specificity of the pS(727)-Stat1 antibody is confirmed by its
failure to stain the lanes with extract from an S727A mutant
cell line. Constitutive S727 phosphorylation in U3A cell line
derivatives has been noted before (29, 35) and makes it difficult
to assess regulation of serine phosphorylation in these U3A-
derived cells. Nonetheless, it is clear that the absence of S727
phosphorylation does not contribute to the observed pheno-
type of the Statl(KE544-545AA) mutants.

The Statl(KE544-545AA) mutant translocates to the nu-
cleus and can bind DNA. To examine whether the Statl
(KE544-545AA) mutant protein entered the nucleus and was
competent to bind DNA, Statl-complemented U3A stable cell
lines were treated with IFN-vy, and fractionated-cell extracts
were prepared. DNA binding Statl molecules were then de-
tected by using EMSA with a radioactively labeled m67 SIE
deoxyoligonucleotide probe. Though the Statl(KES544-545AA)
mutant’s DNA binding activity consistently exhibited slightly
faster accumulation in the nucleus than wild-type Statl’s (Fig.
4), wild-type Statl and mutant Statl were clearly capable of
entering the nucleus and binding the oligonucleotide probe to
approximately the same extent.

Phosphorylated Statl(KES544-545AA) persists in the cell
over a 4-h period. Given the otherwise normal biochemical
profile of the Stat1(KE544-545AA) mutant, we sought to see if
there were any differences between the activation-inactivation
cycles of mutant and wild-type Stat1 over a 4-h course of IFN-y
treatment (8). As shown in Fig. 5a, whole-cell extracts of both
mutant and wild-type cell lines showed similar DNA binding
activities over the entire 4-h period. These results were con-
sistent with those of a corresponding Western blot for phos-
photyrosine in a similar experiment (Fig. 5¢). We then quan-
titated and averaged the EMSA signals of at least two of these
time course experiments (Fig. 5b). By referencing any signal to
the peak binding activity at 30 min, the relative DNA binding
activity at each time point can be determined. The residual
signals at 4 h were found to be slightly different: 40% for the
wild type and 23% for the Stat1(KE544-545AA) mutant. This
discrepancy can be attributed largely to differences in the rate

decay pattern shown. The graph represents the averages of two to three inde-
pendent experiments. (c) Western blots of a time course experiment comparing
phosphorylations of Statla and Stat1(KE544-545AA). Following interferon
stimulation for the indicated periods, 30 pg of whole-cell extract from each
experimental condition was resolved by SDS-PAGE and probed with the
pY(701)-Statl antibody. Membranes were then stripped and reprobed with the
Statlc antibody.
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FIG. 6. Antiviral response of cells expressing Statla and Statl(KE544-
545AA). The indicated cell lines were grown to confluence and then treated with
the indicated cytokine for 14 to 16 h. Serum-free stocks of EMCV were then
prepared and distributed to the appropriate wells. Following 24 h of incubation,
the remaining viable cells were visualized by methylene blue staining.

of decay between 30 and 60 min, with the rates of decay being
similar between 60 and 240 min. Interestingly, a set of kinetic
experiments comparing the decay of Statl@ to that of Statla
revealed a similar pattern of small differences in signal decay.
Given the severity of the phenotype of the Statl(KES544-
545AA) mutant, the slightly faster inactivation of the protein
seems an unlikely explanation for the complete failure to ac-
tivate target genes in response to IFN-v.

Biochemical characteristics of wild-type Statl and mutant
Statl parallel their ability to confer an antiviral response to
the interferons. The interferons were first identified on the
basis of their ability to induce a protective antiviral state. This
observed antiviral activity requires Stat1-driven gene induction
in response to the interferons (10). For example, IFN-y-medi-
ated resistance to EMCV, a picornavirus, is highly dependent
on IRF-1 induction (13). To determine the effects of the Statl
(KE544-545AA) mutant on the induction of a physiologic
pathway, we treated U3A, Statla-complemented U3A, and
Stat1(KE544-545AA)-complemented U3A cell lines with in-
terferon for 14 to 16 h, followed by infection with serially
diluted EMCV (Fig. 6). IFN-a treatment protected both mu-
tant- and wild-type-complemented cell lines, in accord with our
previous observations of target gene responses by RT-PCR
(Fig. 2b). However, IFN-y protection was seen only with the
wild-type Statla cell line. This cell line had a much higher
resistance to infection than the other two cell lines when left
untreated, a result which may be due to the high IRF-1 back-
ground of this cell line (Fig. 2b). In any case, wild-type-com-
plemented cells were protected by both interferons, while the
Stat1(KES544-545AA) mutant cell line was protected only by
IFN-a. Thus, the resistance to viral infection correlated with
the biochemical assays of the Statl(KE544-545AA) mutant.

The Statl(KES544-545AA) mutant interacts normally with
two proteins implicated in Statl transactivation. Although all
known protein interactions with Statl map outside of the LD,
we decided to test whether our Statl(KE544-545AA) mutant
could disrupt any such known interactions. Using GST fusion
proteins to precipitate cell extracts from wild-type- or mutant-
complemented U3A cell lines, we assessed the interaction of
Statl with the CBP CBD and two overlapping regions of
MCMS. As shown in Fig. 7, both wild-type and mutant Statl
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interacted specifically with the regions of CBP and MCMS5
tested. Therefore, it is unlikely that disruption of the interac-
tion with CBP or MCMS accounts for the observed phenotype.

DISCUSSION

The determination of the three-dimensional structure of the
cores of Statl and Stat3 ended speculation that the region of
the STATSs from ~500 to 580 was an SH3 domain: the SH3
structure is characterized by B sheets (14), whereas the STAT
domain from ~500 to 580 is entirely composed of «-helical
elements (2, 4). On structural grounds, the role of the region
from 500 to 580 is to serve as a linker between the SH2 domain
and the section of the STAT proteins which contains DNA
contacts, the DNA binding domain. However, the structural
analyses do not suggest an obvious biochemical function of the
LD.

When it was initially found that Stat1(KE544-545AA) mu-
tants affected IFN-vy transcriptional induction in the commonly
used luciferase assay, it was not clear whether the protein was
somehow destabilized by the mutations. However, in response
to IFN-y, tyrosine and serine phosphorylation, dimerization,
nuclear translocation, and DNA binding of the Statl(KE544-
545AA) protein all occurred normally. Moreover, the mutant
protein very clearly can continue to function normally in the
IFN-a response pathway, suggesting that the mutant pheno-
type is due to a highly specific loss of function rather than a
global problem with protein stability or folding. GST pull-
down assays suggest that Stat1(KE544-545AA) also interacts
normally with MCM5 and CBP.

The locations of the mutations in this study also merit re-
consideration in light of the Stat1 crystal structure. Of the four
mutations made, two are completely or partially buried (W539
and F506) and two (KE544-545 and R512) fall on the charged
surface of the protein (Fig. 8A). In the case of KE544-545, the
residues create two charged pits on the surface of the molecule
proximal to the major groove of the bound DNA element (Fig.
8B). Mutation of the residues to alanine in our experiments
effectively removed these charges, which we found to be nec-

1.5 % Input
GST-CBP(CBD)
GST-MCM5(251-400)
GST-MCM5(350-400)

GST

Statia
sz

Stat1(KE544-545AA) | e e —

FIG. 7. Stat1(KE544-545AA) interacts normally with CBP and MCMS5 fu-
sion proteins. RIPA extracts of IFN-y-activated, mutant- and wild-type-comple-
mented U3A cell lines were precipitated overnight with GST, GSTCBP(CBD),
GSTMCM5(251-400), or GSTMCMS5(350-400). After washing and separation by
SDS-PAGE (7% acrylamide), the precipitates were visualized by a monoclonal
antibody to the Statl N terminus.
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essary for Statl-driven transcriptional activation. Proteins
which bind to this region are being sought but have not yet
been found (31).

As for the specific inability of the Stat1(KE544-545AA) mu-
tant to function in the IFN-y pathway, there are several plau-
sible explanations. The most obvious is that the LD is by itself
an independent transactivation domain. This idea was tested
with LD-Gal4 fusions by Gal4 luciferase assay, but no trans-
activation activity was observed. There is, of course, no guar-
antee of proper folding of the LD under such circumstances,
and so no firm conclusion is yet possible (31). A second, per-
haps more likely, possibility is that the LD cooperates in an
obligatory manner with the known COOH-terminal transacti-

LD OF Statl IS REQUIRED FOR IFN-y-DRIVEN TRANSCRIPTION 5111

FIG. 8. Structure-function relationships in the Statl LD. Both panels depict
a Statl dimer core (residues 130 to 712) bound to an m67 SIE oligonucleotide as
reported by Chen et al. (4). (A) Depiction of the residues mutated to alanine in
this study. The oligonucleotide is indicated in gray, with the DNA binding and
SH2 domains located at the bottom and top, respectively. The LD is highlighted
in green, and the mutated residues are orange. (B) Mutated residues in the
context of the exposed surface of Statl. The positive surface charge is blue, the
negative surface charge is red, and the neutral charge is white-gray. The figure is
adapted from reference 4 with permission.

vation domain. The core structure presently available lacks the
COOH-terminal 38 amino acids of Statl. It seems that with
such a short run of amino acids an actual physical interaction
between the LD and the terminal 38 amino acids is unlikely.
But perhaps dual contacts between the two STAT domains and
coactivators or general transcription factors of the basal tran-
scription machinery can occur. There is precedence for such
dual contacts with the STATs. For example, the histone acetyl-
transferase CBP contacts Statl twice, at both the COOH-
terminal and the amino-terminal regions, which are quite far
apart (33). Finally, it is possible that the C terminus of Statl
attracts one set of coactivators and that the LD attracts an-
other, independent set of coactivators. Regardless of which
model proves to be true, any interaction with the LD may be
essential to transcriptional responses, given the complete loss
of transactivation by the KE544-545AA mutant.
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ADDENDUM

Another protein was recently implicated in Statl-mediated

transcriptional activation (34). The Nmi protein was shown to
boost transcriptional responses to IFN-y and to interact with
Statl. Additionally, Stat5 was shown to interact with Nmi via
its coiled-coil domain. We are currently attempting to charac-
terize the interaction of Statl(KE544-545AA) with Nmi.
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